Objective: To analyse hospital costs in the pre-, and intra-and post-operative periods associated with patients undergoing rectal resection with anastomosis, comparing the costs per patient with and without the use of fibrin-based biological adhesive(Tissucol Duo ® ). Methods: The cost analysis was designed with a subsample of 37 patients who underwent rectal anastomosis in a randomised, single-blind, controlled, parallel comparison between two groups, to evaluate the effectiveness of fibrin-based biological adhesive used to prevent anastomotic leakage. The total costs included diagnostic tests, laboratory tests, hospital stay, adhesive cost, surgery, reintervention and drug treatment. Results: The patients had a mean age of 64.33 years, with a higher proportion of men (62.2%). The study groups were homogeneous and comparable. The average total cost in the group with biological adhesive was€ 10,304.84 compared to € 17,845.12 in the group without biological adhesive. Significant differences were found in the average cost of reintervention between groups: € 119.76 with adhesive vs. € 639.20 for the control group. Conclusions: The total cost decreased by 42% in the group in which a biological adhesive was applied compared to the group in which the adhesive was not applied. This percentage represented a difference of € 7,540.28 in the total average cost per patient.
Introduction
Serious post-operative complications can occur in gastrointestinal surgery, such as anastomotic dehiscence and fistula formation, collectively described as "anastomotic healing impairment". The presence of these complications is influenced by multiple factors, including surgical technique, blood supply, segment quality of the anastomotic tract, local or systemic infection and the nutritional status of the patient, as well as by other conditions, controllable or not, before, during and after the intervention, such as the medication the patient might receive in the postoperative period [1] . It is necessary to use methods to promote healing in patients in whom these factors are not controllable to prevent the occurrence of fistula and dehiscence, which can cause considerable morbidity and, in the worst scenario, patient death [2] . However, it is also common to find subclinical leaks that go unnoticed to the doctor and healthcare staff, which may or may not present negligible clinical signs such as a self-limited febrile syndrome or postoperative ileus. These anastomotic leaks, although are usually self-limited and can be controlled without treatment, occasionally motivate readmissions and emergency reinterventions in critical situations. [3, 4] Fibrin-based biological adhesives were designed to mimic finals stages of the natural coagulation cascade, forming a stable physiological fibrin clot that assists hemostasis and wound healing. The fibrin clots formed by these products, mainly derived from blood plasma and containing fibrinogen and thrombin, are similar to normal blood clots and are naturally degraded by the body's enzymes. [5] Healing Defects in Rectal Anastomosis Significantly Reduces Costs In Spain fibrin-based biological adhesives are authorised for use in clinical practice for various indications. One of them is adjuvant treatment to achieve hemostasis in diffuse bleeding and to achieve tissue sealing and/or adhesion in surgical treatment. In this regard, fibrin-based biological adhesive is being used in clinical practice by many gastrointestinal surgeons to prevent fistula formation in gastrointestinal anastomoses, achieving a high percentage of success in a short period of time [6, 7] .
Numerous studies have suggested a possible relationship between the use of fibrin-based biological adhesives in gastrointestinal anastomoses and the prevention of complications. In many cases, they have concluded that fibrin-based biological adhesive reduces the occurrence of postoperative fistula. However, most of these studies were not controlled, so they lacked sufficient power to affirm this hypothesis and recommend the systematic use of adhesives in gastrointestinal anastomoses as a method of preventing leakage [8] [9] [10] [11] [12] [13] [14] .
As no relevant study was found by our group showing that adhesives can prevent anastomotic leakage, we conducted a randomised clinical trial, comparing two groups of high-risk gastrointestinal anastomoses patients who were assigned to the control group or to the fibrin-based biological adhesive group. The study was conducted to demonstrate scientific evidence showing that fibrin-based biological adhesive prevents postoperative anastomotic healing defects that present as fistulas or dehiscence and to prove with the same level of evidence that they does not negatively influence the patient postoperative course.
Few studies have evaluated the costs associated with the use of fibrin-based biological adhesives. One published in 2006, concluded that the endoscopic treatment of fistulas with biological adhesive has a high success rate without complications and helps to accelerate the healing of fistulas, lowering costs [15] .
In the current socio-economic situation, in which there are limited resources available and the sustainability of the public health system is under discussion, we need to demonstrate effective management to improve patient treatment. Therefore, in this analysis, we estimated the costs associated with the management of high-risk patients undergoing rectal resection with gastrointestinal anastomoses comparing the costs with and without the use of fibrin-based biological adhesive 
Methods
This cost analysis was performed based on data from a multicentre, randomised, single-blind, controlled, parallel comparison between groups (N = 104), phase IV clinical trial. In this trial, we evaluated the effectiveness of a fibrin-based biological adhesive (Tissucol Duo ® ) in preventing leakage due to healing defects in high-risk gastrointestinal anastomoses, where healing defects are expected to be greater than 4% [1] . The study design and the existence of inclusion and exclusion criteria ensured that the distribution of patients with regard to their clinical situation and anastomotic risk was homogeneous between groups, eliminating potential selection bias. It was also determined that the groups were statistically homogeneous and therefore comparable after randomisation [1] .
To collect the required study parameters, a Data Collection Notebook was used. The parameters were collected prospectively during hospitalization and at different reviews until patient discharge.
Of the 104 patients included in the trial, we selected the subsample of patients who underwent rectal anastomoses. Of the 39 patients in this subsample, 2 were removed because not all the information necessary for carrying out cost analysis was available. Therefore, this analysis included a total of 37 patients (Table 1) . In this subsample, comparative cost analysis was performed between patients who received fibrin-based biological adhesive (interventional group) and patients who did not receive it (control group).
Table 1. Demographic and clinical characteristics of patients (interventional and control group).

Interventional group (n = 16)
Control group (n = 21) Total (n = 37) 
Time Horizon
The following periods were established in this cost analysis: one preoperative period between initial admission and surgery, and an intraoperative and postoperative period from surgery to hospital discharge. The latter also included the post-reintervention period in patients who were reoperated.
Resources and Costs
The total cost per patient was estimated based on data about individual resource use for each one, multiplied by the unit cost of each of the identified resources. The resources considered were the diagnostic tests, laboratory tests, hospital stay (duration and hospitalisation unit), surgery performed (type and duration), reintervention, use of biological adhesive and drug treatment.
The hospital stays were classified according to the hospitalisation unit and the number of days each patient was hospitalised in the unit. The surgeries were differentiated into open and laparoscopic, and the duration, in minutes, was recorded. For laparoscopic surgery, the cost of laparoscopic material for each intervention was added to the cost of its duration in minutes. In the analysis of reinterventions, the cost related to the first or subsequent reintervention, if any, was analysed for each patient.
Tissucol Duo ® is a two-component fibrin sealant matrix. Component 1 is a sealer protein solution containing fibrinogen (as clottable protein) 45.5mg and aprotinin (synthetic) 1500 KIU. The second component is a thrombin solution containing thrombin 250 IU and calcium chloride 20µmol. Both components should be mixed immediately prior to use to give two reconstituted solutions in separate containers ready for application using through an appropriate delivery system or device, mainly as spray, in order to provide a similar thin, uniform layer of fibrin sealant in endoscopic procedures. [16] The required dose is related to the surface needed to be cover. In the present study it was considered the use of Tissucol Duo ® 5 mL containing a total volume of 10 mL of fibrin-based biological adhesive, although less adhesive was used for some patients.
For the drug therapy cost in the postoperative period, the average drug daily cost was calculated and multiplied by the length of hospitalization of each patient. The drug cost was calculated based on the ex-factory price [17] . The unit costs of non-drug healthcare resources were obtained from a Spanish health care cost database [18] . Table 2 lists the unit costs of resources considered. All costs included in the analysis are expressed in euros (€) of the year 2012. 
Statistical Aspects
The development of the database and statistical analyses were performed using the PASW Statistics ® 18.0 statistical package. For all analyses of variables, an alpha value (α) = 0.05 was considered, i.e., to estimate a significant difference, the p-value of the contrasting statistic should be ≤ 0.05.
After verifying the information and resolving any inconsistencies, a descriptive analysis was performed. For quantitative variables, mean and confidence interval were calculated. To calculate the significance of the difference between the two groups, the nonparametric Mann-Whitney test was used because the samples to be compared were not of sufficient size (16 patients in the interventional group and 21 patients in the control group).
In the case of qualitative variables, frequency distributions with their corresponding percentages and the average of each resource consumption per patient were calculated.
A comparative analysis of the average total cost was performed for patients on interventional group versus the cost for patients on control group.
Results
The mean age of the 37 patients included in the analysis was 64.33 years, with no significant differences between groups. The proportion of men was higher, 62.2% versus 37.8%, without statistically significant difference between groups (Table 1) .
Fibrin-based biological adhesive was applied to 16 patients (interventional group) and not applied to 21 patients (control group). There were leaks in the interventional and in the control group. A p-value of 0.039 indicates statistically significant differences between the groups. In the control group, 11 leaks were observed; in the interventional group, only 3 leaks were observed.
Costs in the Preoperative Period
Preoperatively, there were no previous significant differences in the individual health resources or in the total resources between the interventional and the control group (p-value = 0.137).
Costs in the Intra-Postoperative Period
Intraoperative cost in both groups were estimated based on type and duration of surgery in each patient ( Table 2 ). The cost of the 5 mL fibrin-based biological adhesive has been added for all patients in the interventional group. However, the average cost of intraoperative procedure in the interventional group was €3,764.91 vs. €3,813.38 in the control group (Table 3) . Table 2 shows the average use per patient of each resource considered, as well as the unit costs. For laboratory and diagnostic tests (except barium enema and abdominal X-ray), the number of tests was higher for the control group. Regarding the hospital stays, except for the Intensive Care Unit and the Post-anaesthetic/Day Surgery Care Unit, the average number of hospitalisation stay was higher for the control group.
The average total cost in the intra-postoperative period was €10,304.84 for the interventional group and €17,845.12 for the control group. This difference between groups (€7,540.28) resulted in a decrease in total costs of 42.3% in the interventional group compared to control group.
The resource with the greatest influence on overall cost savings in patients from the interventional group was hospital stays, with a reduction of €5,448.46 in the average cost per patient in the group with biological adhesive versus the control group (Table 3) .
Regarding the average cost per patient of reinterventions, a decrease of € 519.44 was demonstrated in the interventional group versus the control group (p-value = 0.041) ( Table 3) . 
Discussion
Anastomotic leaks are regrettably frequent complications that can occur in 5%-15% of patients who undergo this rectal resection [19] [20] [21] . This proportion may be increased alarmingly in patients with three or more risk factors, with age being the main risk factor [22] .
These complications often require another operation to save the life of the patient and control infection, leading to extended hospitalisation, a significant increase in the use of resources and a marked increase in health costs [20, 23] as well as increasing the morbidity and mortality of patients [19, 20, 23] . Its prevention is therefore highly relevant from a clinical and economical point of view. Fibrin-based biological adhesives are drugs whose efficacy in preventing anastomotic leaks in gastrointestinal anastomoses was demonstrated in the preliminary results of a multicentre clinical trial conducted by our team. When we analysed in detail the subgroup of rectal anastomoses in the preliminary analysis of the trial, we noted that the overall significant differences found between the study groups remained. These findings showed, after the statistical evaluation of homogeneity between the two study populations, that fibrin-based biological adhesives prevent anastomotic leakage.
Therefore, there is evidence both of the clinical impact of this complication and of its possible reduction with the use of fibrin-based biological adhesives. As clinicians, we suspect that the economic impact of leak reduction using biological adhesives is great. The cost analysis performed has attempted to quantify the economic consequences of the use of these drugs to prevent anastomotic leaks, considering only the direct healthcare costs of patient management.
Based on the clinical outcomes obtained, the use of fibrin-based biological adhesives in high-risk anastomoses saves healthcare resources. To the authors' knowledge, this study is the first to have quantified the economic consequences of this type of health intervention, and therefore we cannot compare the outcomes obtained with other published results. However, consistent with the outcomes obtained in this analysis, the authors of one study, who retrospectively analysed 8 cases of anastomotic leakage treated with fibrin-based biological adhesives, suggested that the cost/benefit ratio of dealing with this type of drugs is favourable when considering the costs associated with hospitalisation and treatment required in patients who were not treated with fibrin-based biological adhesives [24] . Our study has shown that the use of these adhesives significantly reduces the cost of reinterventions in the study group; i.e., the average overall cost per patient was reduced from €17,845.12 to €10,304.84 in the interventional group, and the percentage likewise decreased. If we consider these data and the frequency of such interventions in our hospitals, the potential annual savings in hospital costs are far from negligible.
At a time when marked healthcare budget cuts are currently being implemented in our country, a warning should be addressed to health managers about the need for such studies and the application of their results in clinical practice as a primary measure of cost control.
One limitation of this study is the small sample size used for the analysis. However, the fact that direct health costs have only been quantified in a time horizon between patient admission and discharge supports the results. For a complete evaluation of the benefits of this therapeutic intervention, it would be advisable for future studies to consider a longer time horizon and a broader perspective. Thus, they would include the cost generated by increased relapse and interventions due to oncologic disease, the cost generated by the extension of sick leave in these patients or even their inability to work, sometimes permanently, in the case of post-operative adverse outcomes.
However, despite the limitation of sample size, we should note that the quantification of resource use in the analysis was prospectively performed and individualised per patient and that the patient cohorts compared were homogeneous, showing no statistically significant differences in the use of health resources in the preoperative period and therefore allowing us to consider the differences in estimated costs in the postoperative period to be directly related to the use of fibrin-based biological adhesive. Therefore, in light of the outcomes, for the rectal anastomoses subgroup, of the clinical trial conducted by our team and of this cost analysis, we recommend the systematic use of fibrin-based biological adhesives for leakage prevention in rectal sutures, not only for its strong clinical impact but for the cost reduction, as demonstrated in the present study.
Conclusions
The total costs in the interventional group in which fibrin-based biological adhesive was applied were lower than in the control group, with a difference of €7,540.28 in the total average cost per patient. This difference resulted in a total cost decrease of 42.3% in the interventional group. Average cost per patient attributable to reintervention showed a decrease of €519.44 per patient in the interventional group compared to the control group.
